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(57) ABSTRACT

According to one embodiment, a storage controller includes a
condition storage, a determination module, a wear-leveling
block retainer, and a data transfer controller. The condition
storage 1s provided in a storage including a plurality of
blocks, and stores block condition information including at
least one of erasure time information indicating when data 1s
erased last time and erasure count information indicating the
number of times data 1s erased. The determination module
determines whether there 1s a block that requires wear level-
ing based on the block condition information. The wear-
leveling block retainer retains block identification informa-
tion that idenftifies a block determined to require wear
leveling. The data transfer controller performs compaction to
transier data stored 1n blocks of the storage for collecting the
data 1n a block, and, when the block identification informa-
tion 1s retained, transiers data stored 1n the block identified by
the block 1dentification information.

8 Claims, 9 Drawing Sheets

101

211 212 222
GDMFAC'I;IDN
BLOCK ID
ACTIVE BLOCK FREE BLOCK —
CON- MANAGEMENT MANAGEMENT RETAINER
MODULE MODULE 221

110
NAND FLASH MEMORY
T T 111
l i s 201
NAND I/F
o0 £203 ! 207 T o
N gg#;kﬁ%}gﬁ BLOCK MANAGEMENT MODULE COMPACTION
: : MODULE :
MODULE BLOCK STATE21 : BLOCK = 2
TARGET BLOCK
MEASUREMENT MANAGEMENT —]
| MODULE TABLE CONTROLLER CONTROLLER

TROLLER
WEAR-LEVELING
I 204 T 205 BLOCK ID
WEAR-LEVELING DESTINATION RETAINER
TARGET BLOCK » BLOCK BOOKING
DETERMINATION REGISTER
MODULE 231 |« r 206
ID DUPLICATION ORIGIN BLOCK
PREVENTION »  BOOKING
MODULE REGISTER

NAND CONTROLLER




U.S. Patent Nov. 12, 2013 Sheet 1 of 9 US 8,583,859 B2

MEMORY

N
__________________________ 101
' STORAGE DEVICE
102 103 110 !
MAIN MEMORY | NANDFPLASH |

CPU : E
TR I AT
MEMORY 5 NAND i
CONTROLLER . | CONTROLLER 5

. . ——————————— I _____________ 105



US 8,583,859 B2

Sheet 2 0of 9

Nov. 12, 2013

a4 110a1NOD ANVN

d41519d5
IONIAOOY
A001d NIDIHO

JdNIV.Lidd
dl X00'1d
ONI'TAAT T-dVIM

dINIV1idd
al MO00'1d
NOILOVdNODO

d3dT104d1NOD
A001d 1394dV1L

©¢¢-37NA0OIN
NOILOVdNOD

d415194d
ONIMOOd MO0 19
NOILVYNILSdd

3 1MNAdOIN
INJINFOVNYIN
A001d 4344

d4110d1NOD 149V L
INJNIDVYNYIN
AD01d

3 1NAON
INJINFGOVNYIN
A001d JAILDV

4 1NdOWN
INAWJANSYIN
41V.1S MO0 19

ehd
J1NJON LNJINFOVNYIN MO0 19

4/

ONYN

4 1NdON
NOILNJAddd
NOILVOl'1ad di

LEC” ITNAOIN
NOILYNINY313Q
MO019 139dV1
ONITIAT T-HVYIM

J1NAON
NOILYNIW&3 130
ONIFANAT T-IdVIM

d4 11041
"NQOO

U.S. Patent

AJOWNIN HSV'14d ANVN
0Ll

Hob ¢ Ol



U.S. Patent Nov. 12, 2013 Sheet 3 of 9 US 8,583,859 B2




d 1NAOIN LNJINJOVNVIN YO0 1d ddd4

US 8,583,859 B2

404V 1 INNOD JdNSVa4 TIVINS

O<|_n_
Oz_x 004d

d39INNN FONINDIS
Amnnnnu FUNSYY3
d334 LNNOD I™NSVYT
- aools

&N

I~

-

.4

=

2 LSIT LNIWNOISSY

)

e,

= TIVINS YI9NNN JONINDIS TUNSYY 394V

o

) Y39NNN 3ON3IND3S

R I¥NSYY3

-

7 LNNOD 34NSYY3
al 0019

1S11 O4dld NdN13d
clce

7 Ol

U.S. Patent



U.S. Patent Nov. 12, 2013 Sheet 5 of 9 US 8,583,859 B2

FIG.5

BLOCK ID

FIG.6
e



U.S. Patent Nov. 12, 2013 Sheet 6 of 9 US 8,583,859 B2

FIG.7

S701
IS WEAR LEVELING NO
REQUIRED?

YES S702

DETERMINE TRANSFER ORIGIN BLOCK FOR
WEAR LEVELING

S703
HAS TRANSFER
ORIGIN BLOCK ALREADY BEEN
REGISTERED TO BE SUBJECTED
TO COMPACTION?

YES

NO S704

REQUEST FREE BLOCK MANAGEMENT
MODULE TO REGISTER BOOKING OF FREE
BLOCK WITH LARGEST ERASURE COUNT

S705

REQUEST COMPACTION MODULE TO
REGISTER BOOKING OF TRANSFER ORIGIN
BLOCK

END




U.S. Patent Nov. 12, 2013 Sheet 7 of 9 US 8,583,859 B2

FI1G.3

START
S801

RECEIVE REQUEST FOR FREE
BLOCK

S802

1S
REQUEST RECEIVED
FROM COMPACTION
MODULE?

S804

IS THERE
BOOKING FOR WEAR
LEVELING?

YES
S803

PROVIDE BLOCK |ID INDICATING
TOP FREE BLOCK IN ASSIGNMENT YES S805

PROVIDE BLOCK ID INDICATING

LIST

SECOND FREE BLOCK IN
ASSIGNMENT LIST

END



U.S. Patent Nov. 12, 2013 Sheet 8 of 9 US 8,583,859 B2

FIG.9
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STORAGE CONTROLLER FOR
WEAR-LEVELING AND COMPACTION AND
METHOD OF CONTROLLING THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of

priority from Japanese Patent Application No. 2010-194040,
filed Aug. 31, 2010, the entire contents of which are incorpo-

rated herein by reference.

FIELD

Embodiments described herein relate generally to a storage

controller, a storage device, and a data transfer control
method.

BACKGROUND

There have been proposed various storage devices for ter-
minal devices. Among such storage devices 1s, for example, a
flash memory. In recent years, a type of flash memory called
NAND tlash memory has been increasingly used.

The NAND flash memory 1s a nonvolatile semiconductor
memory that needs to be erased before new data 1s written.
The life depends on the number of times of erasure and
crasure time intervals. It 1s preferable to equally use the
blocks to prolong the life of the NAND flash memory.

In view of this, wear leveling techniques have recently been
proposed. In the wear leveling techniques, erasure time and
the number of times of erasure are measured with respect to
each block as the minimum unit of data erasure. Then, data in
a block being used and least recently erased 1s transierred to
a Iree block which has been erased more number of times than
the block 1n use by a predetermined value or more. With this,
the blocks are equally exhausted.

In the NAND flash memory 1n which data 1s written to each
logical sector and erased from each block formed of a plural-
ity of logical sectors, as rewriting 1s performed, the block
contains a logical sector that stores invalid data and a logical
sector that stores valid data, 1.e., some Iree space exists 1n the
block. To effectively use the storage area, compaction 1s per-
formed 1n which the latest effective data are collected from
low-density blocks and rewritten to another block.

In conventional technologies, although wear leveling and
compaction are similar 1n that both are techniques to transter
data, they are performed independently. This results 1n a

redundant configuration and heavier burden 1n development
or the like.

SUMMARY

Without limiting the scope of this mnvention as expressed
by the claims which follow, some features are discussed
brietly below.

One aspect of the disclosure provides a storage controller
for a storage. The storage includes a plurality of blocks 1n
units of which data 1s erased. The blocks are configured to
store data. The storage controller includes a condition storage
configured to store, with respect to each of the plurality of
blocks, block condition information including at least one of
erasure time information indicative of a latest time of data
erasure and erasure count information indicative of a number
of times data has been erased from the block. The storage
controller fturther includes a determination module config-
ured to determine whether to perform wear leveling on each
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of the plurality of blocks, based on the block condition infor-
mation stored 1n the condition storage. The storage controller
turther includes a wear-leveling block retainer configured to
retain block identification information indicative of a block
identified for wear leveling by the determination module. The
storage controller further includes a data transier controller
coniigured to perform compaction by collecting data stored in
at least two blocks of the plurality of blocks and transferring
the data into another block. The data transier controller 1s
turther configured to transfer data stored in the block 1ndi-
cated 1n the block identification information when the wear-
leveling block retainer retains block identification informa-
tion. The storage controller further includes a compaction
block retainer configured to retain block identification infor-
mation indicative of a block to be a transfer origin when the
data transfer controller performs compaction. The storage
controller further includes a prevention module configured to
prevent the same block 1dentification information from being
retained by the wear-leveling block retainer and the compac-
tion block retainer at the same time. The data transier con-
troller 1s further configured to transfer the data stored in the
block indicated 1n the block identification information
retained by the wear-leveling block retainer, and to perform
the compaction on blocks indicated in the block identification
information retained by the compaction block retainer.

In various embodiments, the storage controller can turther
include a transier destination retamner configured to retain
block 1dentification information indicative of a block to be a
transier destination 1n the compaction or wear leveling. The
block to be a transier destination can be empty. The data
transier controller can be further configured to transfer the
data stored 1n the block indicated in block identification infor-
mation to the block indicated 1n the block identification infor-
mation retained by the transier destination retainer.

In various embodiments, the transfer destination retainer
can be further configured to retain the block i1dentification
information 1n association with the erasure count informa-
tion, and provide the data transier controller with block 1den-
tification mformation 1n an order starting with block 1denti-
fication information that identifies a block with a largest
erasure count. The data transier controller can be configured
to transier the data stored in the block i1dentified by the block
identification information to the block indicated 1n the block
identification information provided by the transfer destina-
tion retainer in preference to performing compaction, when
the wear-leveling block retainer retains the block 1dentifica-
tion information.

In various embodiments, the storage controller can further
include a registration module configured to register a block,
identified by the determination module for wear leveling, as a
destination of data transier by the data transier controller in an
order starting with a block with a largest erasure count. The
data transfer controller can be further configured to transter
the data stored 1n the block 1dentified by the block 1dentifica-
tion information retained by the wear-leveling block retainer
to the block registered by the registration module.

In various embodiments, the storage controller can turther
include a controller configured to write data to the blocks of
the storage 1n response to an external request. The transier
destination retainer can be configured to provide the data
transier controller with the block identification information in
an order other than a descending order of erasure count, when
the data transier controller performs the compaction or the
controller performs a data write operation.

Another aspect provides a storage device including a stor-
age. The storage includes a plurality of blocks 1n units of
which data 1s erased, the blocks configured to store data. The
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storage device further includes a condition storage configured
to store, with respect to each of the plurality of blocks, block
condition information including at least one of erasure time
information indicative of a latest time of erasure and erasure
count information indicative of a number of times data has
been erased from the block. The storage device further
includes a determination module configured to determine
whether to perform wear leveling on each of the plurality of
blocks, based on the block condition information stored in the
condition storage. The storage device further includes a wear-
leveling block retainer configured to retain block identifica-
tion information indicative of a block identified for wear
leveling by the determination module. The storage device
turther 1includes a data transfer controller configured to per-
form compaction by collecting data stored in at least two
blocks of the plurality of blocks and transterring the data into
another block. The data transier controller 1s further config-
ured to transier data stored in the block indicated 1n the block
identification information when the wear-leveling block
retainer retains block 1dentification information. The storage
device further includes a compaction block retainer config-
ured to retain block 1dentification information indicative of a
block to be a transier origin when the data transfer controller
performs compaction. The storage device further includes a
prevention module configured to prevent the same block 1den-
tification information from being retained by the wear-level-
ing block retainer and the compaction block retainer at the
same time. The data transier controller 1s further configured
to transfer the data stored in the block indicated 1n the block
identification information retained by the wear-leveling block
retainer, and to perform the compaction on blocks indicated in
the block 1dentification information retained by the compac-
tion block retainer.

Another aspect provides a data transfer control method for
a storage device. The storage device includes a condition
storage 1n a storage with a plurality of blocks in units of which
data 1s erased, the condition storage configured to store, with
respect to each of the plurality of blocks, block condition
information comprising at least one of erasure time informa-
tion mdicative of a latest time of data erasure and erasure
count information indicative of a number of times data has
been erased from the block. The method includes determin-
ing, by a determination module, a block upon which to per-
form wear leveling, based on the block condition information
stored 1n the condition storage. The method further includes
retaining, by a wear-leveling block retainer, block identifica-
tion mformation indicative of the block determined by the
determination module for wear leveling. The method further
includes compacting, by a data transter controller, by collect-
ing data stored in at least two blocks of the storage and
transierring the data in to another block. The method further
includes transferring, by the data transier controller, data
stored 1n the block identified by the block identification infor-
mation when the wear-leveling block retainer retains the
block 1dentification information.

In various embodiments, the method can further include
retaining, by a transfer destination retainer, block i1dentifica-
tion information indicative of a block to be a transter desti-
nation during compaction or wear leveling, wherein the block
to be a transfer destination 1s empty. The method can further

include transferring the data stored in the block indicated 1n
block identification information to the block indicated in the
block identification information retained by the transfer des-
tination retainer.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

A general architecture that implements the various features
of the invention will now be described with reference to the
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4

drawings. The drawings and the associated descriptions are
provided to 1llustrate embodiments of the invention and not to

limit the scope of the invention.

FIG. 1 1s an exemplary block diagram of an information
processor according to an embodiment;

FIG. 2 1s an exemplary block diagram of a storage device in
the embodiment;

FIG. 3 1s an exemplary schematic diagram of the table
structure of an active block management module 1n the
embodiment;

FIG. 4 1s an exemplary schematic diagram of the internal
structure of a group of tables in a free block management
module 1n the embodiment:

FIG. 5 1s an exemplary schematic diagram of the table
structure of a compaction block ID retainer in the embodi-
ment,

FIG. 6 1s an exemplary schematic diagram of the table
structure of a wear-leveling block ID retainer 1in the embodi-
ment;

FIG. 7 1s an exemplary flowchart of the operation of a
NAND controller to register a booking for wear leveling in
the embodiment;

FIG. 81s an exemplary flowchart of the operation of the free
block management module to provide a free block 1n the
embodiment;

FIG. 91s an exemplary flowchart ol the operation of a target
block controller to control data transter in the embodiment;
and

FIG. 10 1s an exemplary schematic diagram of the internal
structure of a group of tables in a free block management
module according to a modification of the embodiment.

DETAILED DESCRIPTION

In general, according to one embodiment, a storage con-
troller comprises a condition storage, a determination mod-
ule, a wear-leveling block retainer, and a data transier con-
troller. The condition storage 1s provided 1n a storage
comprising a plurality of blocks in units of which data 1s
erased. The condition storage i1s configured to store, with
respect to each of the blocks that stores data, block condition
information including at least one of erasure time information
indicating when data 1s erased last time and erasure count
information indicating the number of times data 1s erased
from the block. The determination module 1s configured to
determine whether there 1s a block that requires wear leveling
based on the block condition information stored 1n the con-
dition storage. The wear-leveling block retainer 1s configured
to retain block identification immformation that identifies a
block determined by the determination module to require
wear leveling. The data transfer controller 1s configured to
perform compaction to transier data stored 1n blocks of the
storage for collecting the data 1n a block other than the blocks.
When the wear-leveling block retainer retains the block 1den-
tification information, the data transier controller transfers
data stored 1n the block 1dentified by the block 1dentification
information.

The following embodiments will be described as being
applied to an information processor provided with a NAND
flash memory as a storage device. Each functional block
described 1n the embodiments may be implemented as sofit-
ware, hardware, or a combination thereof.

FIG. 1 1s a block diagram of an information processor 100
according to an embodiment. As illustrated 1n FIG. 1, the
information processor 100 comprises a storage device 101, a
central processing unit (CPU) 102, a main memory 103, and
a memory controller 104. The storage device 101, the CPU
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102, the main memory 103, and the memory controller 104
are 1nterconnected by an address bus 105 for address
exchange and a data bus 106 for data exchange.

The CPU 102 controls the overall operation of the infor-
mation processor 100. More specifically, the CPU 102 loads
a program Irom the storage device 101 into the main memory
103 through the memory controller 104, and controls the
information processor 100 according to the program.

The memory controller 104 controls the main memory 103.

The main memory 103 may be, for example, a dynamic
random access memory (DRAM). The main memory 103 1s
used as a work area of the CPU 102 and an area where the
program 1s loaded.

The storage device 101 comprises a NAND flash memory
110 and a NAND controller 111. Examples of the storage
device 101 include a solid state drive (SSD) provided with the
NAND flash memory 110 and a system-on-chip (SoC) that
makes data access to the NAND flash memory 110. In the
embodiment, the storage device 101 comprises the NAND
controller 111 as an example of a SoC of an SSD.

The NAND controller 111 controls the NAND flash

memory 110 that 1s a type of nonvolatile semiconductor
memory.

Data 1s read from/written to the NAND flash memory 110
according to a read/write request from the CPU 102 through

the NAND controller 111.

The NAND flash memory 110 comprises a plurality of
blocks each including a plurality of logical sectors. Data 1s
read/written 1n umts of logical sectors, while data 1s erased in
units of blocks.

FIG. 2 1s a block diagram of the storage device 101. As
illustrated 1n FIG. 2, the NAND controller 111 comprises a
NAND nterface (I/'F) 201, a controller 202, a wear-leveling
determination module 203, a wear-leveling target block
determination module 204, a destination block booking reg-
ister 205, an origin block booking register 206, a block man-
agement module 207, and a compaction module 208.

In addition to data read/write operation 1n response to a
request Irom the CPU 102, the NAND controller 111 of the
embodiment controls wear leveling, compaction, and the like

with respect to the NAND flash memory 110.

Compaction refers to a process to collect data stored in
valid logical sectors 1n a low-density block when free space 1s
caused by valid and nvalid logical sectors and rewrites the
data to another block. This increases available continuous
memory area, thereby enabling effective use of the storage
area.

Wear leveling refers to a process to transier data 1in a block
being used and least recently erased to a free block which has
been erased more than a predetermined number of times. This
1s because data stored 1n a block being used and least recently
crased may be deteriorated. By transierring the data between
blocks, the deterioration 1s prevented. Besides, by transier-
ring the data that 1s updated infrequently to a block which has
been erased more than a predetermined number of times,
exhaustion of blocks 1s equalized. In this manner, write opera-
tions are equally distributed, which prolongs the life of the
NAND flash memory 110.

In a conventional NAND controller, configurations to per-
form wear leveling and compaction are provided indepen-
dently. That 1s, the conventional NAND controller addition-
ally comprises a configuration to perform wear leveling
compared to the NAND controller 111 of the embodiment. If
the configuration to perform wear leveling (hereinatter, “con-
ventional wear-leveling module™) and the configuration to
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perform compaction (hereinafter, “conventional compaction
module”) process the same block, unnecessary duplication of
data transier occurs.

More specifically, after selecting a block as a transter ori-
gin according to a request from the controller or the like, the
conventional compaction module 1s provided by the block
management module with a free block as a transier destina-
tion to transier valid data. Meanwhile, to perform wear lev-
cling, the conventional wear-leveling module determines
whether conditions required for wear leveling are satistied. IT
the conditions are satisiied, the conventional wear-leveling
module selects a block that satisfies the conditions as a trans-
fer origin block, and selects a transter destination block to
transter valid data. Since the conventional compaction mod-
ule and the conventional wear-leveling module operate inde-
pendently, the duplication of data transfer occurs.

On the other hand, the NAND controller 111 of the
embodiment configured as described below can control wear
leveling data transfer in the compaction module 208 that
performs compaction. Thus, the NAND controller 111 of the
embodiment enables resources to be shared between wear
leveling and compaction.

The NAND I/F 201 1s an interface to access the NAND
flash memory 110.

The controller 202 reads data from, writes data to, or erases
data from a block of the NAND flash memory 110 via the

NAND I/F 201 1 response to a request from the CPU 102.

The block management module 207 comprises a block
state measurement module 213, a block management table
controller 214, an active block management module 211, and
a Iree block management module 212. The block manage-
ment module 207 manages the condition of each block in the
NAND flash memory 110.

Each time a block 1s erased, the block state measurement
module 213 measures data corresponding to the last erasure
of the block, an erasure count, and the like. In the embodi-
ment, an erasure sequence number 1s used as the data corre-
sponding to the last erasure of data from the block.

The term “‘erasure sequence number” as used herein refers
to a number that 1s assigned 1n ascending order to a block
where data 1s erased. The erasure sequence number 1s updated
cach time a block 1s erased. That 1s, from a block assigned a
smaller number, data 1s less recently erased. The term “era-
sure count” as used herein refers to the number of times the
same block has been erased.

That 1s, the NAND flash memory 110 i1s a nonvolatile
semiconductor memory that needs to be erased before new
data 1s written. The life depends on the number of times of
erasure and erasure time intervals. To prolong the life of the
NAND flash memory 110, the NAND controller 111 of the
embodiment measures an erasure sequence number and an
erasure count for each block that 1s the mimimum unit of data
erasure by the block state measurement module 213, and
controls wear leveling and the like based on the measurement
results.

The block management table controller 214 controls a
table that stores whether a block 1s being used and the mea-
surement results obtained by the block state measurement
module 213 1n association with each other. The block man-
agement table controller 214 controls the active block man-
agement module 211 and the free block management module
212.

The active block management module 211 1s a table that
manages a block storing valid data (hereinafter, “active
block™). FIG. 3 illustrates an example of the table structure of
the active block management module 211. As illustrated in
FIG. 3, the active block management module 211 associates
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block ID, erasure count, and erasure sequence number with
one another. The block ID 1s assigned to each block to identity
it. With respect to each block identified by the block 1D, an
erasure count and an erasure sequence number are stored 1n
assoclation. With this, the condition of each block can be
managed.

The active block management module 211 manages all
active blocks 1 the NAND flash memory 110. Thus, the
condition of all active blocks can be figured out with refer-
ence to the active block management module 211. Although
erasure count and erasure sequence number are exemplified
herein as parameters to measure the condition of each block,
the parameters are not limited to them. For example, a time
stamp indicating data erasure time may be used as a param-
eter.

The free block management module 212 1s a group of
tables that manage a block not storing valid data (hereinaftter,
“free block™). That 1s, the free block management module 212
retains a free block to be used by the compaction module 208
or the like as a transier destination 1n the process of wear
leveling and compaction.

FI1G. 4 1llustrates an example of the internal structure of the
group of tables 1n the free block management module 212. As
illustrated 1n FIG. 4, the free block management module 212
comprises a return first-in first-out (FIFO) list 401 and an
assignment list 402.

The return FIFO list 401 stores a block ID that identifies a
free block, an erasure count of the block, and an erasure
sequence number with respect to each free block. In the return
FIFO list 401, pieces of information on free blocks are
arranged 1n ascending order of their erasure sequence nums-
bers, 1.e., listed 1 order from a free block least recently
erased. For example, after valid data 1s transferred from a
block by compaction or the like, the block 1s erased. Then, a
block ID identiiying the block as a free block and the like are
added to the return FIFO list 401. Accordingly, the return
FIFO list 401 has the function of inserting information on the
free block 1n a position corresponding to the erasure sequence
number at the time of return.

The information on the free block stored 1n the return FIFO
l1st 401 1s fed to the assignment list 402 each time a free block
in the assignment list 402 1s fed to a processor such as the
compaction module 208.

The assignment list 402 1s a block list for managing free
blocks to be fed to a processor such as the compaction module
208 1n response to a request for a free block from the proces-
sor. The assignment list 402 of the embodiment arranges
pieces ol information on iree blocks 1n descending order of
erasure count. The assignment list 402 has the function of
inserting information on a free block 1 a position corre-
sponding to the erasure count when the information 1s added
from the return FIFO list 401. The assignment list 402 also
stores, as information on a free block, a block ID, erasure
count, and an erasure sequence number 1n association with
one another with respect to each block.

The free block management module 212 sets a booking,
flag for the top of the assignment list 402, 1.e., a free block
with the largest erasure count. The booking flag indicates the
presence or absence (for example, ON or OFF) of a booking.
I1 the booking flag 1s ON, the free block management module
212 does not feed a free block where the booking flag 1s set to
a processor other than the compaction module 208 and feeds
the next free block where the booking flag 1s not set. The
booking flag 1s set ON or OFF depending on whether wear
leveling 1s to be performed. That 1s, 1f wear leveling 1s to be
performed, a free block with the largest erasure count 1s
secured. On the other hand, 1f wear leveling 1s not to be
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performed, the free block management module 212 feed free
blocks to processors 1n descending order of erasure count.

While free blocks are described herein by way of example
as being fed 1n descending order of erasure count, free blocks
may be fed 1 ascending order of erasure count or in ascend-
ing order of erasure sequence number depending on the pur-
pose.

The wear-leveling determination module 203 determines
whether there 1s a block that requires wear leveling based on
the condition of active blocks stored 1n the active block man-
agement module 211. To determine whether wear leveling 1s
required, determination criteria are defined based on the era-
sure sequence number, the erasure count, and the like. As the
determination criteria, already proposed criteria may be used.
Alternatively, for example, 1 an erasure sequence number
managed by the active block management module 211 1s
different from the current erasure sequence number by a
predetermined threshold or more, a block assigned the era-
sure sequence number may be subjected to wear leveling as a
block in which the same data remains for a long time.

The wear-leveling target block determination module 204
comprises an ID duplication prevention module 231. When
the wear-leveling determination module 203 determines that
wear leveling 1s required, the wear-leveling target block
determination module 204 determines a block on which wear
leveling 1s to be performed. The wear-leveling target block
determination module 204 may determine the wear-leveling
target block by any method including commonly known ones.
The wear-leveling target block determination module 204 of
the embodiment refers to the active block management mod-
ule 211 and the free block management module 212, and
scans each block list to detect a combination of an active
block and a free block the erasure counts of which differ by a
predetermined value or more, thereby determining the wear-
leveling target block.

The ID duplication prevention module 231 refers to the
block ID of an active block already determined to be sub-
jected to compaction from a compaction block ID retainer
222, If an active block determined by the wear-leveling target
block determination module 204 as a wear-leveling target
block 1s already retained to be subjected to compaction, the
ID duplication prevention module 231 nullifies the determi-
nation of the wear-leveling target block determination mod-
ule 204 to prevent data transier on the same block from being
performed twice by wear leveling and compaction. While the
duplication prevention process 1s described herein by way of
example as being performed by the ID duplication prevention
module 231 1n the wear-leveling target block determination
module 204, 1t may be performed in the compaction module
208.

If compaction 1s performed on an active block, data in the
block 1s transierred to another block. Accordingly, as 1n wear
leveling, data 1s rewritten along with the data transter between
the blocks. In other words, 1 compaction 1s performed, old
data 1s updated, and wear leveling 1s not required to be per-
formed on the same block. For this reason, the ID duplication
prevention module 231 of the embodiment prevents wear
leveling on an active block subjected to compaction.

While an example 1s described herein in which wear lev-
cling 1s prevented from being performed on an active block
subjected to compaction, compaction may be prevented from
being performed on an active block subjected to wear level-
ing. In this case also, it 1s possible to prevent data transier on
the same block from being performed twice by wear leveling
and compaction.

If an active block to be subjected to wear leveling 1s deter-
mined by the wear-leveling target block determination mod-
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ule 204 without being prevented by the ID duplication pre-
vention module 231, the origin block booking register 206
registers the booking of the active block 1n the compaction
module 208 as a transier origin block. With this, the block ID
of the transfer origin block 1s registered in a wear-leveling
block ID retainer 221 1n the compaction module 208.

If an active block to be subjected to wear leveling 1s deter-
mined by the wear-leveling target block determination mod-
ule 204 without being prevented by the ID duplication pre-
vention module 231, the destination block booking register
205 requests the block management module 207 to register
the booking of a transier destination block for wear leveling.
When the block management module 207 recetves the book-
ing registration request, the free block management module
212 sets the booking flag 1n the assignment list 402, and
secures a Iree block with the largest erasure count as a data
transier destination by wear leveling. This prevents a proces-
sor other than the compaction module 208 (for example, the
controller 202) from writing data to the free block.

While a free block with the largest erasure count i1s
described herein byway of example as a data transfer desti-
nation by wear leveling, 1t 1s not so limited. Besides, while an
example 1s described herein in which only one free block 1s
booked as a data transfer destination by wear leveling, a
plurality of free blocks may be booked. In this case, for
example, the destination block booking register 203 books a
predetermined number of blocks with a larger erasure count
as data transfer destinations by the compaction module 208.

The compaction module 208 comprises a target block con-
troller 223, the compaction block ID retainer 222, and the
wear-leveling block ID retainer 221. The compaction module
208 performs compaction on the NAND flash memory 110
trough the NAND I/F 201.

The compaction block ID retainer 222 retains a block 1D
that identifies a block to be a transfer origin due to compaction
by the target block controller 223. FIG. 5 illustrates an
example of the table structure of the compaction block ID
retainer 222. Asillustrated in FIG. 5, the compaction block 1D
retainer 222 stores a plurality of IDs of blocks to be subjected
to compaction.

The wear-leveling block ID retainer 221 retains a block 1D
that 1dentifies a block the booking of which has been regis-
tered by the origin block booking register 206 as a data
transfer origin. FIG. 6 illustrates an example of the table
structure of the wear-leveling block ID retainer 221. As 1llus-
trated 1n FI1G. 6, the wear-leveling block ID retainer 221 stores
only one ID of a block to be subjected to wear leveling.

Wear leveling 1s performed when data stays in the same
active block. Accordingly, the wear-leveling determination
module 203 determines whether there 1s one active block to
be subjected to wear leveling 1n a predetermined period of
time. Therefore, an example 1s described herein 1n which the
booking of only one block 1s registered for wear leveling;
however, the booking of a plurality of blocks may be regis-
tered. In this case, the table 1llustrated in FIG. 6 contains a
plurality of records, and the booking flag may be set by the
free block management module 212 with respect to a plurality
ol blocks.

The target block controller 223 performs compaction to
transier data stored 1n blocks of the NAND flash memory 110,
thereby collecting the data 1n a block other than the blocks.
Further, if the wear-leveling block ID retainer 221 retains a
block ID, the target block controller 223 transiers data stored
in a block identified by the block ID (wear leveling). The
target block controller 223 of the embodiment uses a free
block 1dentified by a block ID fed from the free block man-

agement module 212 as a transfer destination.
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In the embodiment, 1f the wear-leveling target block deter-
mination module 204 has determined a block on which wear
leveling 1s to be performed, the booking of a transfer origin
block and a transier destination block 1s registered for wear
leveling. After that, 11 the wear-leveling block 1D retainer 221
retains a block ID, the target block controller 223 transiers
data stored in a block 1dentified by the block ID to a block
identified by a block ID fed from the free block management
module 212 (wear leveling) in preference to compaction.

That 1s, according to the embodiment, the target block
controller 223 of the compaction module 208 controls data
transier for compaction. Only 1n the case where the bookings
ol a transfer origin block and a transter destination block have
been registered for wear leveling, wear leveling 1s performed
in preference to compaction. With this, 1t 1s possible to control
data transier between the transfer origin block and the transfer
destination block the bookings of which have been registered
separately.

When the target block controller 223 completes wear lev-
cling and the wear-leveling block ID retainer 221 does not
retain a block 1D, the target block controller 223 switches the
operation to compaction. Subsequently, the target block con-
troller 223 transfers valid data stored 1n a block 1dentified by
a block ID retained by the compaction block ID retainer 222
to a block identified by a block ID fed from the free block
management module 212.

Having performed data transier, the target block controller
223 notifies the block management module 207 of 1t. Accord-
ing to the notification, the block management module 207
changes active blocks managed by the active block manage-
ment module 211 and free blocks managed by the free block
management module 212.

With this configuration, the NAND controller 111 1imple-
ments the function of transierring data between blocks based
on wear leveling as well as compaction.

In the following, a description will be given of the opera-
tion of the NAND controller 111 to register a booking for
wear leveling. FIG. 7 1s a flowchart of the operation of the
NAND controller 111 to register a booking for wear leveling.

First, upon receipt of a request from the controller 202, the
wear-leveling determination module 203 refers to the active
block management module 211 to determine whether there 1s
a block that requires wear leveling (S701). If the wear-level-
ing determination module 203 determines that there 1s no
block that requires wear leveling (No at S701), the process
ends.

On the other hand, 11 the wear-leveling determination mod-
ule 203 determines that there 1s a block that requires wear
leveling (Yes at S701), the wear-leveling target block deter-
mination module 204 determines an active block on which
wear leveling 1s to be performed (8702).

Then, the ID duplication prevention module 231 refers to
the compaction block ID retainer 222 to determine whether
the block ID of the active block determined at S702 has
already been registered 1n the compaction block ID retainer
222 to be subjected to compaction (S703). If the ID duplica-
tion prevention module 231 determines that the block ID has
already been registered (Yes at S703), the process ends.

On the other hand, if the ID duplication prevention module
231 determines that the block ID has not yet been registered
(No at S703), the destination block booking register 205
requests the free block management module 212 to set the
booking tlag to ON 1n the assignment list 402 of the free block
management module 212 to register the booking of a free
block with the largest erasure count (S704).

Further, the origin block booking register 206 registers the
booking of the active block determined at S702 1n the wear-




US 8,583,859 B2

11

leveling block ID retainer 221 of the compaction module 208
as a transfer origin block (5705).

With the above process, the settings to perform wear lev-
cling are completed. After that, according to the settings, the
compaction module 208 transfers valid data, thereby per-
forming wear leveling.

A description will then be given of the operation of the free
block management module 212 of the NAND controller 111
to provide a free block. FIG. 8 1s a flowchart of the operation
of the free block management module 212 to provide a free

block.

First, the free block management module 212 receives a
request for a free block (S801).

The free block management module 212 then determines
whether the request 1s received from the compaction module
208 (S802). If therequest 1s not recerved from the compaction
module 208 but recerved from another processor such as the
controller 202 (No at S802), the free block management
module 212 determines whether the booking flag 1s set to ON
in the assignment list 402 (S804). If the booking tlag 1s set to
ON 1n the assignment list 402 (Yes at S804), the free block
management module 212 determines that a free block at the
top ol the assignment list 402 1s secured for wear leveling, and

provides the other processor such as the controller 202 with a
block ID indicating the second free block 1n the assignment
list 402 (S805).

On the other hand, 11 the booking flag 1s set to OFF (No at
S804), the free block management module 212 determines
that no free block 1s secured for wear leveling, and provides
the other processor such as the controller 202 with a block 1D
indicating the top free block 1n the assignment list 402 (S803).

If the request 1s received from the compaction module 208
(Yes at S802), the free block management module 212 pro-
vides the compaction module 208 with the block ID indicat-
ing the top free block in the assignment list 402 (S803).

With the above process, 11 the booking flag 1s set to the top
of the assignment list 402, a free block where the booking flag
1s set 1s fed to the compaction module 208. The compaction
module 208 performs wear leveling 1n preference to compac-
tion. Thus, data transfer can be performed using the free block
where the booking flag 1s set as a data transier destination in
wear leveling.

Next, a description will be given of the operation of the
target block controller 223 of the compaction module 208 to
control data transfer. FI1G. 9 1s a flowchart of the operation of
the target block controller 223 to control data transfer.

First, the target block controller 223 determines whether a
new Iree block 1s required as a transter destination block in the
process of compaction (S901). If a new free block 1s not
required (No at S901), the target block controller 223 reads a
block ID indicating a transier origin block from the compac-
tion block 1D retainer 222 (5902).

On the other hand, having determined that a new free block
1s required ( Yes at S901), the target block controller 223 1s fed
by the free block management module 212 with a block 1D
indicating a free block to be a transter destination (S903).

After that, the target block controller 223 refers to the
wear-leveling block ID retainer 221 to determine whether the
ID of a block to be subjected to wear leveling 1s retained
(S904). Having determined that the ID of a block to be sub-
jected to wear leveling 1s not retained (No at S904), the target
block controller 223 reads a block ID indicating a transier
origin block from the compaction block ID retainer 222
(S902).

Onthe other hand, having determined that the ID of a block
to be subjected to wear leveling 1s retained (Yes at S904), the
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target block controller 223 reads a block ID indicating a
transier origin block from the wear-leveling block ID retainer

221 (S905).

The target block controller 223 then transier data from the
block indicated by the block ID read at S905 or S902 as a
transier origin block to the block indicated by the block ID fed

as a transfer destination (5906).

With the above process, 11 the ID of a block to be subjected
to wear leveling 1s retained when a free block 1s required,
wear leveling 1s performed preferentially.

As described above, according to the embodiment, in the
storage device 101, resources related to valid data transfer
control are shared between wear leveling and compaction.
This reduces development codes as well as improving debug
eificiency and quality. Thus, cost reduction can be expected 1n
realizing the device.

According to the embodiment, in the storage device 101,
the same block 1s prevented from being subjected to wear
leveling and compaction. This achieves higher overall control
eificiency and performance improvement.

With conventional technologies, a configuration to per-
form wear leveling and that to perform compaction exist
independently. As a result, 11 the same block 1s to be subjected
to both wear leveling and compaction, exclusive control 1s
difficult. On the other hand, according to the embodiment, the
compaction module 208 consolidates the management of
blocks to be subjected to the processes to avoid duplicated
registration of the same block ID. This effectively contributes
to higher overall control efficiency and performance improve-
ment.

In the above embodiment, while block IDs are fed from the
assignment list 402 1n descending order of erasure count, 1t 1s
not so limited. For example, there may be prepared a plurality
of l1sts using different sort conditions. In this case, the lists are
switched from one to another as required to feed a block ID.
An example will be described 1n which a free block manage-
ment module comprises a plurality of assignment lists as a
modification of the embodiment. Otherwise, the storage
device 101 1s of the same configuration as previously
described 1n the above embodiment, and thus repetitive
description will be avoided.

FIG. 10 illustrates an example of the internal structure of a
group of tables in a free block management module 1001
according to the modification. As 1llustrated in FIG. 10, the
free block management module 1001 comprises the return
FIFO list 401, the assignment list 402, and an assignment list
1011.

While the assignment list 1011 1s described herein by way
of example as arranging free blocks 1n ascending order of
erasure count, it 1s not so limited. The assignment list 1011
may store free blocks according to another condition.

The free block management module 1001 uses both the
assignment lists 402 and 1011 to feed a free block according
to the need by the compaction module 208, the controller 202,
or the like. For example, when the target block controller 223
performs compaction, the free block management module
1001 may feed the target block controller 223 with a block 1D
according to a condition other than in descending order of
crasure count, 1.e., from the assignment list 1011. Besides,
upon receipt ol a request for a free block from the controller
202, the free block management module 1001 may feed the
controller 202 with a block ID always from the assignment
list 1011.

With respect to the assignment list, a mechanism may be
added to manage another list of blocks which have been
booked for wear leveling. This enables receipt of a plurality of
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requests for wear leveling. In this case, the structure of the
assignment list may be simplified without using a booking
flag.

The memory control program to control the NAND ftlash
memory 110 may be provided to the NAND controller 111 of >
the embodiment as being stored 1n advance 1n a read only

memory (ROM) or the like in the NAND controller 111.
The memory control program may also be provided to the
NAND controller 111 as being stored 1n a computer-readable

storage medium, such as a compact disc-read only memory
(CD-ROM), a flexible disk (FD), a compact disc recordable

(CD-R), and a digital versatile disc (DVD), as a file in an

installable or executable format.

The memory control program for the NAND controller 111
of the embodiment comprises modules that implement the
above constituent elements (the controller, the wear-leveling
determination module, the wear-leveling target block deter-
mination module, the destination block booking register, the
origin block booking register, the block management module, 5,
and the compaction module). As real hardware, the CPU
(processor) loads the memory control program from the ROM
described above 1nto the main memory and executes 1t. With
this, the controller, the wear-leveling determination module,
the wear-levehng target block determination module, the des- 55
tination block booking register, the origin block booking
register, the block management module, and the compaction
module are implemented on the main memory.

The various modules of the systems described herein can
be implemented as soitware applications, hardware and/or 5
software modules, or components on one or more computers,
such as servers. While the various modules are illustrated
separately, they may share some or all of the same underlying
logic or code.

While certain embodiments have been described, these ;s
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel methods and systems described herein may
be embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes 1n the form of the meth- 4,
ods and systems described herein may be made without
departing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the 1nventions. 45
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What 1s claimed 1s:
1. A storage controller for a storage comprising a plurality
of blocks 1n units of which data 1s erased, the blocks config-
ured to store data, the storage controller comprising; 50
a condition storage configured to store, with respect to each
of the plurality of blocks, block condition information
comprising at least one of erasure time information
indicative of a latest time of data erasure and erasure
count information indicative of a number of times data 55
has been erased {from the block;
a determination module configured to determine whether
to perform wear leveling on each of the plurality of
blocks, based on the block condition information stored
in the condition storage; 60
a wear-leveling block retainer configured to retain block
identification information indicative of a block identi-
fied for wear leveling by the determination module;
a data transfer controller configured to:
perform compaction by collecting data stored 1n at least 65
two blocks of the plurality of blocks and transferring
the data into another block: and
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transier data stored in the block indicated 1in the block
identification mmformation when the wear-leveling
block retainer retains block i1dentification informa-
tion;

a compaction block retamner configured to retain block
identification imnformation indicative of a block to be a
transier origin when the data transier controller per-
forms compaction; and

a prevention module configured to prevent the same block
identification information from being retained by the
wear-leveling block retainer and the compaction block
retainer at the same time, wherein

the data transfer controller 1s further configured to transier
the data stored in the block indicated 1n the block 1den-
tification information retained by the wear-leveling
block retainer, and to perform the compaction on blocks
indicated 1n the block i1dentification information
retained by the compaction block retainer.

2. The storage controller of claim 1, further comprising a
transier destination retainer configured to retain block 1den-
tification information indicative of a block to be a transier
destination in the compaction or wear leveling, wherein the
block to be a transfer destination 1s empty, wherein

the data transier controller 1s further configured to transter
the data stored 1n the block mdicated 1n block 1dentifi-
cation information to the block indicated in the block
identification information retained by the transfer desti-
nation retainer.

3. The storage controller of claim 2, wherein

the transfer destination retainer i1s further configured to
retain the block 1dentification information 1n association
with the erasure count information, and provide the data
transfer controller with block i1dentification information
in an order starting with block identification information
that identifies a block with a largest erasure count, and

the data transier controller 1s configured to transfer the data
stored 1n the block 1dentified by the block i1dentification
information to the block indicated in the block identifi-
cation information provided by the transfer destination
retainer 1n preference to performing compaction, when
the wear-leveling block retainer retains the block 1den-
tification information.

4. The storage controller of claim 3, further comprising a
registration module configured to register a block, 1dentified
by the determination module for wear leveling, as a destina-
tion of data transier by the data transfer controller in an order
starting with a block with a largest erasure count, wherein

the data transier controller 1s further configured to transfer
the data stored in the block 1dentified by the block 1den-
tification 1nformation retained by the wear-leveling
block retainer to the block registered by the registration
module.

5. The storage controller of claim 3, further comprising a
controller configured to write data to the blocks of the storage
1in response to an external request, wherein

the transfer destination retainer 1s configured to provide the
data transier controller with the block identification
information 1n an order other than a descending order of
crasure count, when the data transfer controller per-
forms the compaction or the controller performs a data
write operation.

6. A storage device comprising;:

a storage comprising a plurality of blocks in units of which
data 1s erased, the blocks configured to store data;

a condition storage configured to store, with respect to each
of the plurality of blocks, block condition information
comprising at least one of erasure time information
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indicative of a latest time of erasure and erasure count
information indicative of a number of times data has
been erased {from the block:

a determination module configured to determine whether

to perform wear leveling on each of the plurality of 4

blocks, based on the block condition information stored
in the condition storage;
a wear-leveling block retainer configured to retain block
identification information indicative of a block identi-
fied for wear leveling by the determination module;
a data transfer controller configured to:
perform compaction by collecting data stored 1n at least
two blocks of the plurality of blocks and transferring
the data into another block; and

transier data stored in the block indicated 1n the block
identification 1nformation when the wear-leveling
block retainer retains block i1dentification informa-
tion;

a compaction block retainer configured to retain block
identification information indicative of a block to be a
transier origin when the data transier controller per-
forms compaction; and

a prevention module configured to prevent the same block
identification information from being retained by the
wear-leveling block retainer and the compaction block
retainer at the same time, wherein

the data transfer controller 1s further configured to transfer
the data stored 1n the block indicated in the block 1den-
tification information retained by the wear-leveling
block retainer, and to perform the compaction on blocks
indicated 1n the block identification nformation
retained by the compaction block retainer.

7. A data transfer control method for a storage device
comprising a condition storage in a storage with a plurality of
blocks 1n units of which data 1s erased, the condition storage
configured to store, with respect to each of the plurality of
blocks, block condition information comprising at least one
ol erasure time information indicative of a latest time of data
erasure and erasure count information indicative of a number
of times data has been erased from the block, the data transter
control method comprising:
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determiming, by a determination module, a block upon
which to perform wear leveling, based on the block
condition information stored 1n the condition storage;

retaining, by a wear-leveling block retainer, block 1denti-
fication information indicative of the block determined
by the determination module for wear leveling;

compacting, by a data transier controller, by collecting data
stored 1n at least two blocks of the storage and transier-
ring the data 1n to another block;

transierring, by the data transier controller, data stored 1n
the block 1dentified by the block 1dentification informa-
tion when the wear-leveling block retainer retains the
block identification information;

retaining, by a compaction block retainer, block identifi-
cation information 1ndicative of a block to be a transter
origin 1n the compaction performed by the data transter
controller; and

preventing, by a prevention module, the same block 1den-
tification information from being retained by the wear-
leveling block retamner and the compaction block
retainer at the same time: and

transferring the data stored in the block identified by the
block identification information retained by the wear-
leveling block retainer,

wherein said compacting comprises collecting data stored
in at least two blocks 1dentified by the block 1dentifica-
tion information retained by the compaction block
retainer and transierring the data in to another block.

8. The data transfer control method of claim 7, further

comprising;

retaining, by a transier destination retainer, block identifi-
cation information indicative of a block to be a transter
destination during compaction or wear leveling, wherein
the block to be a transfer destination 1s empty; and

transierring the data stored in the block indicated 1n block
identification information to the block indicated 1n the
block 1dentification information retained by the transfer
destination retainer.
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